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INTRODUCTION 

Mater ia l s  handl ing and s t o r a g e  is a n  important  p a r t  of any chemical process .  
SYNTHOIL process  (l), which conver t s  c o a l  t o  a low-ash, low-sulfur  f u e l  o i l ,  re- 
q u i r e s  c a r e f u l  s t o r a g e  t o  c o n t r o l  t h e  v i s c o s i t y  of t h e  product .  
t h i s  process  r e q u i r e s  a l i g h t  hydrogenat ion of c o a l ,  and t h e r e f o r e  any chemical 
changes during s t o r a g e  t h a t  may i n c r e a s e  t h e  v i s c o s i t y  of t h e  product  t o  a l e v e l  
a t  which i t  becomes a handl ing  problem must be avoided.  
cedures  can be determined by labora tory  s t u d i e s .  
b r i e f  resume of t h e  changes i n  v i s c o s i t y  of SYNTHOIL samples dur ing  ambient 
s t o r a g e  f o r  t i m e s  up t o  120 days. The p r e s e n t  r e p o r t ,  a l s o  based on v i s c o s i t y  
measurements, covers  a v a r i e t y  of  s t o r a g e  condi t ions  which inc lude  s t o r a g e  tem- 
p e r a t u r e s  of 30"-61"C, atmospheres of n i t r o g e n ,  a i r  and oxygen, bo th  s t i r r e d  and 
u n s t i r r e d  samples and ambient l i g h t  v e r s u s  darkness .  
samples based on chemical and ins t rumenta l  ana lyses  w i l l  be r e p o r t e d .  

The 

The economics of 

Recommended handl ing pro- 
Previous  s t u d i e s  (2 ,3)  g i v e  a 

Fur ther  s t u d i e s  of  these  

EXPERIMENTAL 

Aging tests were made on t h r e e  c o a l  l i q u i d s  from SYNTHOIL run  FB-53. 
w a s  made wi th  a W e s t  V i r g i n i a  c o a l ,  ( P i t t s b u r g h  Seam, hvAb) and opera ted  a t  4000  
p s i g  H 2  and 450°C. P e l l e t e d  COO-MOO -Si02-A120 c a t a l y s t  w a s  used i n  t h e  r e a c t o r .  
The samples i n v e s t i g a t e d  were from Batches 1, Z ? ,  and 50 which were obta ined  a f t e r  
4 ,  8 4 ,  and 200 hours ,  r e s p e c t i v e l y ,  of o p e r a t i o n  of t h e  c o a l  l i q u e f a c t i o n  r e a c t o r .  

The most comprehensive ag ing  t e s t s  were made on t h e  Batch 1 sample. 
i n i t i a l  v i s c o s i t y  measurement, a 200 m l  sample of t h i s  ba tch  w a s  t r a n s f e r r e d  t o  
each of f i f t e e n  o n e - l i t e r  conta iners .  Each sample w a s  s imultaneously connected 
t o  t h e  aging appara tus  and t h e r e  subjec ted  t o  a p a r t i c u l a r  combination of t h e  
aging f a c t o r s .  
and v i s c o s i t y  measurements made. A l l  v i s c o s i t y  measurements w e r e  made with a 
Brookfield viscometer  which permit ted measurements a t  var ious  temperatures .  Thus, 
v i s c o s i t y  measurements were made a t  two temperatures ,  3OoC and 61"C, by c i rcu-  
l a t i n g  water from t h e  ag ing  ba ths  through t h e  h e a t i n g  j a c k e t  of t h e  viscometer .  

S i m i l a r ,  though less extens ive ,  aging tests were performed on samples from Batches 
21  and 50 from run  FB-53. Data accumulat ion-was l i m i t e d  because of t h e  h igh  i n i -  
t i a l  v i s c o s i t i e s  of t h e s e  samples and t h e i r  r a p i d  r a t e  of change. 

Run FB-53 

3 

Af te r  an 

P e r i o d i c a l l y  -10 g samples were removed from t h e  aging c o n t a i n e r s  

RESULTS AND DISCUSSION 

The r e s u l t s  of t h e  ag ing  tes ts  are presented i n  F igures  1-3. The graphs repre-  
s e n t  t h e  change i n  v i s c o s i t y  t h a t  occurs  wi th  aging t i m e ;  i n f r a r e d  s p e c t r a  i n  
t h e  f i g u r e s  were obta ined  on t h i n  f i l m s  of  r e p r e s e n t a t i v e  samples. 

F igure  1 shows t h e  changes i n  v i s c o s i t y  t h a t  occur  when Batch 1 samples a r e  
s t o r e d  a t  61"C, s t i r r e d ,  exposed t o  l i g h t  and subjec ted  t o  one of t h e  t h r e e  
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test gases ,  oxygen, a i r  o r  n i t r o g e n .  I n  t h i s  and a l l  subsequent f i g u r e s ,  expo- 
s u r e  t o  oxygen had t h e  most pronounced impact upon t h e  increase  i n  v i s c o s i t y ;  
exposure to  a i r  had t h e  next  s t r o n g e s t  impact. A small change was noted f o r  
t h e  samples exposed t o  n i t r o g e n .  Also inc luded  i n  F igure  1 are t h e  r e s u l t s  f o r  
Batch 5 0  samples aged a t  t h e  same condi t ions ,  i . e . ,  61°C, exposed t o  l i g h t  and 
exposed t o  oxygen, a i r  o r  n i t rogen .  A s  t h e  f i g u r e  shows, t h e  i n i t i a l  v i s c o s i t y  
of these  samples i s  much g r e a t e r  than  t h a t  f o r  Batch 1 which was obtained e a r l y  
i n  the run. The much more r a p i d  i n c r e a s e  i n  v i s c o s i t y  o f  t h e s e  Batch 50 samples 
confirms previous work ( 2 ) .  

The most s i g n i f i c a n t  v i s c o s i t y  i n c r e a s e s  occurred i n  samples exposed t o  oxygen. 
Hydrocarbon o x i d a t i o n  i s  confirmed by t h e  i n f r a r e d  s p e c t r a  shown i n  F igure  2. 
The spectrum obta ined  from t h e  f resh-  e a c t o r  o i l  and s p e c t r a  from o i l s  exposed 
t o  d i f f e r e n t  gases  d i f f e r  a t  1690 cm ' which has  been assigned t o  carbonyls  
t h a t  have been formed dur ing  aging.  That t h e  formation of t h i s  band i s  pro- 
g r e s s i v e  (cont inues throughout  t h e  aging process)  can be shown by t h e  gradual  
increase  of t h e  carbonyl  absorp t ion .  There a r e  many ways i n  which t h i s  l i g h t  
ox ida t ion  of SYNTHOIL may cause  t h e  observed v i s c o s i t y  increase .  
of carbonyls  r e p r e s e n t s  a small i n c r e a s e  i n  molecular  weight. Carbonyls might 
combine wi th  phenols as hydrogen bonded molecules  or  as polymers, o r  ox ida t ion  
may proceed by way of peroxide formation and a f r e e - r a d i c a l  mechanism. The 
u l t imate  o b j e c t i v e  of t h i s  work is t h e  i d e n t i f i c a t i o n  of an a p p r o p r i a t e  mecha- 
nism and t h e  development of a n  i n h i b i t o r .  Lin ( 4 )  has  made some h e l p f u l  ob- 
s e r v a t i o n s .  

T h e  observed i n c r e a s e  i n  v i s c o s i t y  f o r  a sample s t o r e d  under n i t r o g e n  may be 
explained i n  s e v e r a l  ways. There may be a phys ica l  agglomerat ion s imi la r  t o  
t h e  c r y s t a l l i z a t i o n  o f  a s o l i d  from a superna tan t  l i q u i d .  There may be a 
chemical i n t e r a c t i o n  between t h e  a c i d i c  and b a s i c  components which are known 
to  be present  i n  SYNTHOIL ( 5 ) .  Fur ther ,  t h e r e  may be a v o l a t i l i z a t i o n  of t h e  
l i g h t e r  components under t h e  i n f l u e n c e  of h e a t  and s t i r r i n g .  V o l a t i l i t y  e f -  
f e c t s  w e r e  minimized by using a slow gas input  and covered c o n t a i n e r s .  

Figure 3 shows t h e  r e s u l t s  f o r  samples exposed t o  the  same gases ,  bu t  aged a t  
45OC. 
s u r e  g a s  as noted f o r  t h e  samples s t o r e d  a t  6 1 O C  i s  found; i . e . ,  oxygen > a i r  > 
ni t rogen .  Figure 3 a l s o  c o n t a i n s  d a t a  f o r  Batch 21  s t o r e d  a t  45°C.  A s  noted 
previous ly ,  these  r e s u l t s  show t h a t  f a s t e r  rates of i n c r e a s e  i n  v i s c o s i t y  occur 
f o r  samples wi th  h i g h e r  i n i t i a l  v i s c o s i t i e s .  

Viscos i ty  d a t a  were obta ined  a t  30°C f o r  t h e  n i n e  samples aged i n  t h e  t h r e e  gases 
and a t  t h r e e  tempera tures .  S i m i l a r  r e l a t i o n s h i p s  t o  t h o s e  found f o r  t h e  v i s c o s i t y  
measurements a t  61'C are apparent .  One d i s t i n c t i o n  is t h a t  t h e  changes noted for  
t h e  samples exposed t o  n i t r o g e n  and a i r  appear  more severe .  
due t o  t h e  s u b s t a n t i a l l y  h i g h e r  i n i t i a l  v i s c o s i t y  occasioned by t h e  lowering of 
t h e  temperature  a t  which t h e  v i s c o s i t i e s  were measured. An examination of t h e  
melt ing p o i n t s  of t y p i c a l  benzenoid molecules makes i t  apparent  t h a t  t h e r e  w i l l  
be wide v a r i a t i o n s  of v i s c o s i t y  with temperature .  

The e f f e c t s  of no t  s t i r r i n g  t h e  sample and not  exposing t h e  samples t o  ambient 
l i g h t  were observed. 
posed t o  e i t h e r  oxygen or  a i r  occurs  when t h e  p a r t i c u l a r  sample i s  not  s t i r r e d ;  
t h e  sample exposed t o  n i t r o g e n  shows no change. This  obviously i n d i c a t e s  t h a t  
s t i r r i n g  merely exposes  new sample c o n s t a n t l y  t o  t h e  oxygen i n  t h e  gaseous en- 
viranment; i . e . ,  t h e r e  i s  no i n t r i n s i c  e f f e c t  due t o  mechanical a g i t a t i o n  of 

The formation 

The same o r d e r i n g  of  increased  v i s c o s i t y  of  samples r e l a t i v e  t o  t h e  expo- 

T h i s  i s  undoubtedly 

A s i g n i f i c a n t  reduct ion  i n  t h e  ag ing  of t h e  samples ex- 



the sample. In addition, these results also indicate that the ambient light 
of the laboratory has essentially no impact on the aging properties of these 
samples. Further study of sunlight or other W sources would be necessary. 

Solvent separations made using the original sample, a sample after 35 days 
storage at 61°C under nitrogen, and a sample after 28 days storage at 61°C 
under oxygen gave the following data: 

Yield, Percent by Weight 
Oil Asphaltene Benzene I n s o l .  Ash 

Original 73 20 

N2 Storage 75 18 
O2 Storage 62 20 

7 3 

7 3 

18 3 

For this table Oil is defined as benzene soluble, pentane soluble materials and 
Asphaltene as benzene soluble, pentane insoluble materials. As the data indi- 
cate, no changes in component distribution occurred for the sample stored under 
N2, while the sample stored under O2 showed a decrease in oil and a corresponding 
increase in benzene insoluble materials. This increase in benzene insoluble 
material may indicate polymer formation. 

CONCLUSION 

These data provide'some insight into the effects of time, heat, light, mechanical 
agitation, and gaseous environment on SYNTHOIL aging. Further analyses underway 
include solvent and chromatographic separations and spectral identification of 
the aging products. These should help to establish a mechanism for aging and 
perhaps suggest inhibitors which will improve the storage characteristics of 
SYNTHOIL. 
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